Myocardial function at the early phase of traumatic brain injury: a prospective controlled study by Cuisinier, Adrien et al.
ORIGINAL RESEARCH Open Access
Myocardial function at the early phase of
traumatic brain injury: a prospective
controlled study
Adrien Cuisinier1†, Claire Maufrais2†, Jean-François Payen1,4,5, Stephane Nottin3, Guillaume Walther3
and Pierre Bouzat1,4,5*
Abstract
Background: The concept of brain-heart interaction has been described in several brain injuries. Traumatic brain
injury (TBI) may also lead to cardiac dysfunction but evidences are mainly based upon experimental and clinical
retrospective studies.
Methods: We conducted a prospective case-control study in a level I trauma center. Twenty consecutive adult patients
with severe TBI were matched according to age and gender with 20 control patients. The control group included adult
patients undergoing a general anesthesia for a peripheral trauma surgery. Conventional and Speckle Tracking
Echocardiography (STE) was performed within the first 24 post-traumatic hours in the TBI group and PRE/PER-operative
in the control group. The primary endpoint was the left ventricle ejection fraction (LVEF) measured by the Simpson’s
method. Secondary endpoints included the diastolic function and the STE analysis.
Results: We found similar LVEF between the TBI group and the PER-operative control group (61 % [56–76]) vs. 62 %
[52–70]). LV morphological parameters and the systolic function were also similar between the two groups. Regarding
the diastolic function, the isovolumic relaxation time was significantly higher in the TBI cohort (125 s [84–178] versus
107 s [83–141], p = 0.04), suggesting a subclinical diastolic dysfunction. Using STE parameters, we observed a trend
toward higher strains in the TBI group but only the apical circumferential strain and the basal rotation reached
statistical significance. STE-derived parameters of the diastolic function tended to be lower in TBI patients.
Discussion: No systematic myocardial depression was found in a cohort of severe TBI patients.
Conclusions: STE revealed a correct adaptation of the left systolic function, while the diastolic function slightly impaired.
Trial registration: NCT02380482
Background
Myocardial dysfunction has been described after brain
injuries, leading to the concept of brain-heart interaction
[1]. A paroxysmal sympathetic hyperactivity with higher
plasma-level of endogenous norepinephrine has been ob-
served after subarachnoid hemorrhage (SAH) and stroke,
resulting in a cardiac dysfunction [2–4]. Transmural
myocardial lesions were also reported after brain death in
a series of post mortem examination [5]. Experimentally,
the extreme elevation of intra-cranial pressure by inflating
a subdural balloon induced acute cardiac failure related to
an increased sympathetic activity, electrocardiographic ab-
normalities and myocardial damage [6, 7]. After traumatic
brain injury (TBI), neurogenic pulmonary edema has been
also reported [8] and high troponin concentrations were
associated with an unfavorable neurologic outcome and
mortality [9]. Recently, in a retrospective cohort of
139 patients with severe TBI, 12 % of the patients
had a cardiac dysfunction with a reduced left ven-
tricular ejection fraction (LVEF) and regional wall
motion abnormalities [10]. These clinical findings
were corroborated by experimental data which reported
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significant echocardiographic myocardial injury [11], while
other authors reported no cardiac dysfunction within the
first 24 h in a rat model of diffuse TBI [12]. Hence, the
myocardial function after TBI remains unclear and its ex-
ploration relies upon experimental models and uncon-
trolled retrospective clinical studies. Possible confounding
factors like associated multiple trauma, hemorrhagic shock,
cardio-vascular co-morbidities or lung-heart interaction
might also hinder the interpretation of the association be-
tween cardiac failure and severe TBI.
Assessment of cardiac function in clinical practice is
based upon standard two dimensional (2D) echocardiog-
raphy [13], that provides validated systolic and diastolic
indices [14]. Since myocardial functionality results from a
complex interplay between deformation (longitudinal,
radial and circumferential) and twist/untwist mechanics,
conventional echocardiography only partially described
cardiac function. Conversely, Speckle Tracking Echocardi-
ography (STE) offers a comprehensive and sensitive
evaluation of regional myocardial function. For instance, in
pathological conditions like sepsis or heart failure, con-
ventional 2D-echocardiography demonstrated no LVEF im-
pairment whereas speckle tracking echocardiography (STE)
detected changes in myocardial function [15, 16].
The present study aimed at evaluating myocardial
function at the early phase of TBI using conventional 2D
echocardiography and complementary STE analysis. A
matched cohort of non-TBI patients undergoing general
anesthesia for a peripheral surgery served as control
group. Our main hypothesis was a systematic 10 %
decrease in the left ventricle ejection fraction in the TBI
group compared to the control group.
Methods
From November 2014 to November 2015, we conducted
a prospective case-control single blinded study in a
Level-I trauma center (Grenoble University Hospital,
France). The regional ethics committee (number:
14-CHUG-34) and the national agency for drugs safety
(Number: 2014-A01370-47) approved the study design.
This trial was registered on ClinicalTrials.gov, number:
NCT02380482. Written informed consent was obtained
from the patient or patients’ next of kin.
Patients
In the isolated TBI cohort, we included patients with a
Glasgow Coma Score (GCS) lower than 9. Patients with a
GCS from 9 to 13 were also included if mechanically ven-
tilated due to severe cerebral injuries on computed tom-
ography defined by a Marshall score from III to VI
following the traumatic coma data bank (TCDB) [17]. We
did not include patients with an expected brain death
within 24 h and multiple trauma patients (Abbreviated In-
jury Score >2 in extra-cerebral region). In the control
group, patients with a peripheral trauma undergoing a
general anesthesia for an emergency surgery were in-
cluded. Control patients were matched by gender and age
(± 5 years) to the TBI patients. All patients (TBI and con-
trols) were eligible if they were between 18 and 65 years
old without cardiovascular risk factors. Exclusion criteria
for both cohorts were: cardiovascular high-risk factors
(diabetes, dyslipidemia or hypertension), a past medical
history of cardio-thoracic surgery or significant cardiovas-
cular events: stroke, myocardial infarction, congestive
heart disease, pacemaker, atrial fibrillation, coronary artery
disease, cardiac valvulopathy or implantable defibrillator.
We also excluded patients with a traumatic hemorrhagic
shock defined by a systolic arterial pressure below 90 mmHg,
patients under inotrope therapy and elite athletes.
Protocol
Screening and inclusions occurred 24/7 through a dedicated
phone procedure within the study period. All patients who
met the eligibility criteria were screened. In the TBI cohort,
the echocardiography was performed at the intensive care
unit (ICU) admission within the first 24 h after the trauma.
In the control cohort, two ultrasound examinations were
done. The first echocardiography (PRE operative) was per-
formed before the general anesthesia under spontaneous
ventilation. The second (PER operative) was performed just
after the induction of general anesthesia under mechanical
ventilation and before the start of surgery.
Echocardiography image acquisition and analysis
Images were acquired by a certified operator (AC) in supine
position, using ultrasound equipment (Vivid S5, GE Health-
care Company, USA) with a 2,5Mhz sector scanning elec-
tronic transducer. Images were obtained according to the
standard and recommended procedure [14], and based on
the average of three cardiac-cycles. Images were acquired
for conventional 2D and strain acquisition (methodology is
described in Additional file 1) in cine loops triggered to the
QRS complex and were stored in a cine-loop format of 1
cardiac cycle of uncompressed data with associated electro-
cardiogram information. Each echocardiography was digit-
ally recorded under a randomized and anonymous number.
At the conclusion of the study a subsequent blinded off-line
analysis for conventional and STE images was done, using a
validated 2D STE tracking software (EchoPac 6.0, GE
Healthcare, Horten, Norway). All ultrasound parameters
were analyzed blindly to clinical data by AC and CM.
Endpoints
The primary endpoint was the measurement of the left
systolic function within the first 24 h after the trauma
evaluated by the Simpson’s method.
Secondary endpoints were: 1) the left systolic function
with the LVEF measured by the Teicholz method, the left
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ventricular shortening fraction, the peak velocity Sm, the
cardiac output, the cardiac index and the stroke volume;
2) the left diastolic dysfunction assessed by the peak vel-
ocity of waves E, A, Em, ratio E/A, E/Em and IVRT; 3) the
right function with the peak velocity S’m, the TAPSE and
the pulmonary acceleration time; 4) STE variables for the
LV evaluation: the global longitudinal strain (GLS) (%),
the radial and circumferential peak strain (%) at the basal
and apical level, the rotation (degree) at the basal and ap-
ical level, the peak twist (degree), twisting and untwisting
velocities (degree/sec). Longitudinal, peak strain rate
(%/sec), the rotational velocity (basal and apical level) (de-
gree/sec) were measured separately for systole and dia-
stole. The ratio between the untwisting velocity and the
peak twist was also calculated.
Data collection
For all patients, demographic data included age, gender,
height, weight and body surface. The following
hemodynamic and respiratory parameters were obtained
during echocardiography examination: non-invasive blood
pressure (systolic, mean and diastolic) with the correspond-
ing dose of vasopressor, heart rate, fraction of inspired oxy-
gen, positive end-expiratory pressure, respiratory rate, tidal
volume per kilogram, type and doses of anesthetic drugs.
In the TBI cohort, we collected the last GCS before
sedation, the TCDB classification and signs of elevated
intracranial pressure (ICP) such as Cushing reflex, pupillary
sizes, osmotherapy and seizure. Neurosurgical interventions
were also reported: external ventricular drainage, craniot-
omy or decompressive craniectomy. The ICP value was
collected when available. Biological data included troponin
and NT pro-BNP. The electrocardiogram interpretation
was done. The length of stay in the ICU, the duration of
mechanical ventilation and the in-hospital mortality were
also reported. In the non-TBI cohort, the reason for
emergency surgery was collected.
Sample size calculation
The study population size was calculated considering a
LVEF of 65 (±5) % in the control group, as previously
reported [18]. Assuming a clinically relevant reduction
from 65 to 55 % in the TBI group, with a two-sided type
1 error of 0.05 and a power of 80 %, 20 patients per
group were needed to detect this difference.
Statistical analysis
Data were expressed as median and extreme. Univariate
analysis between TBI group and control group was
performed with the non-parametric Mann-Whitney test for
continuous variables and with the chi-square for categorical
variables. The statistical analysis was performed with
StatView - SAS Institute Inc. 5.0 software. A p value < 0.05
was considered statically significant.
Results
Patients
Twenty consecutive TBI patients were included within
the study period. Characteristics of the TBI patients are
summarized in Table 1. The typical patient was young
male suffering from a severe TBI. Fourteen patients had
a GCS score lower than 9 and only six patients had a
GCS between 9 and 13. All patients had severe lesions
on the brain CT scan. Following the TCDB classification,
five patients had diffuse injury and 15 patients had focal
injury. Biological parameters were within normal ranges
and ECG revealed no abnormality.
Patients in the control group were admitted for an
emergency surgery due to non-cerebral trauma: 11
patients for an orthopedic surgery, three patients for a
maxillofacial surgery and six patients for a soft tissue
surgery. There was no difference between patients with
TBI and control patients, except for the respiratory rate
and the volume per minute (Table 2). Other ventilation
parameters and hemodynamic variables were similar
between the TBI cohort and the control cohort. No
Table 1 Characteristics of patients with traumatic brain injury
(n = 20 patients)
Variable Value
Glasgow coma score 8 [3–13]
Anisocoric pupillary dilatation, n 3
Bilateral mydriasis, n 1
Cushing reflex, n .3.
Osmotherapy, n 9
Seizure, n 4
External ventricular drainage, n 6
Immediate neurosurgery, n 6
Decompressive craniectomy, n 2
Norepinephrine, μg/kg/min 0.17 [0–0.47]
Troponin, μg/l 0 [0–0.42]
NT-ProBNP, mg/l 34 [15–1327]
ECG abnormalities, n 0
Diffuse injury (TCDB classification), n
grade III 4
grade IV 1
Focal injury (TCDB Classification), n
Surgical evacuation 6
No surgical evacuation but volume >25 ml 9
ICP value, mmHg 18 [3–50]
Length of stay in ICU, days 21 [3–52]
Duration of mechanical ventilation, days 13 [2–39]
In-hospital mortality, n 1
Values are presented as median [extreme] or number of patients. TCDB
traumatic coma data bank, ICP intracranial pressure, ICU intensive care unit
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patient in the control group received norepinephrine
within the peri-operative period and no patient from the
control group died within the study period. Sedation in
the TBI group was maintained through propofol (n = 10
patients, dose = 5 [2–6] mg/kg/h) or midazolam (n = 10
patients, dose = 126 [84–270] μg/kg/h) infusions. All
patients were sedated by an inhaled anesthesia in the
control group (sevoflurane, n = 5 patients and desflurane,
n = 15 patients) with a minimal alveolar concentration
(MAC) value equal to 1 [0.4–1.2]. All patients received
sufentanil for the pain management with a median dose
equal to 0.48 [0.12–0.96] μg/kg/h. These findings indi-
cated common doses for sedation and analgesia.
Primary outcome
The LVEF measured by the Simpson’s method was similar
between the TBI cohort (61 % [56–76]) and the PER-
operative control cohort (62 % [52–70], Fig. 1).
Secondary outcomes
Conventional echocardiographic data of the TBI cohort
and the PER-operative control cohort is presented on
Table 3. LV morphological parameters and the systolic
function were similar between the two groups. The IVRT
was significantly higher in the TBI cohort. The peak E and
E/A tended to be lower in TBI patients. The right ventricu-
lar systolic function was similar between the two groups.
STE-derived parameters are presented in Table 4. We
observed a trend toward higher strains in the TBI group
but only the apical circumferential strain and the basal
rotation reached statistical significance. STE-derived
parameters of the diastolic function tended to be lower
in TBI patients.
We found no difference in the control group between
the PRE- and PER operative echocardiographic data
(data available in the Additional file 2).
Discussion
In this prospective controlled study, we did not find a
systematic major myocardial dysfunction at the early
phase of TBI with severe lesions on cerebral CT scan.
These findings were obtained from conventional cardiac
ultrasonography and speckle tracking analysis. Despite
no major change in cardiac function, several STE
changes suggested correct adaptation of the left systolic
function and a slight impairment of the left diastolic
function.
We reported the absence of alteration of the systolic
function after a TBI since the LVEF was similar between
the TBI and the control groups. More interestingly, none
of the TBI patients had a decreased systolic function and
the minimum LVEF was 56 % using the Simpson’s
method. Speckle tracking analyses further confirmed
these findings through similar systolic indices. Only the
circumferential strain peak at the apical level and the
rotation at the basal level were higher in the TBI cohort.
These findings were in line with a trend toward a global
increase of all systolic indices in STE. Taken together,
these results rather suggested a slight increase in the
systolic function after TBI since STE was able to detect
early LV functional changes in the setting of systemic
diseases with a cardiac issue [19]. Accordingly, a
systemic adrenergic or sympathetic hyperactivity was
described after TBI [20, 21]. We, thus, assume that these
Table 2 Comparisons of main characteristics between
Traumatic Brain Injury patients and control patients
Variable TBI cohort
n = 20 patients
Control cohort
n = 20 patients
Age (years) 42 [19–57] 40 [18–62]
Male 17 17
Weight (kg) 72 [41–90] 75 [55–100]
Height (cm) 175 [160–185] 175 [165–185]
Body surface 1.9 [1.37–2.14] 1.91 [1.59–2.18]
Body mass index (kg/m2) 23.3 [16–27.7] 24.6 [20.1–32.7]
Mean Arterial Pressure
(mmHg)
83 [68–101] 71 [55–120]
Heart rate (per minute) 70 [45–97] 74 [48–110]
Fraction of inspired
oxygen (%)
40 [30–50] 45 [35–55]
Post End-Expiratory
Pressure (cmH20)
5 [0–5] 5 [4–8]
Tidal Volume (ml) 465 [400–520] 450 [390–500]
Tidal Volume according
to body weight (ml/kg)
6.5 [4.7–9.8] 6.1 [4.5–8]
Respiratory rate
(cycles/per minute)
18 [13–22] 16 [12–18]*
Volume minute (L/min) 7.8 [6–10.4] 6.5 [5.6–8.1]*
Values are presented as median [extreme]. kg kilogram, cm centimeter, Kg/m2
kilogram per square meter, cmH20 centimeter of water, mmHg millimeter of
mercury, ml/kg milliliter per kilogram, L/min liter per minute. *p < 0.05
Fig. 1 Left ventricle ejection fraction (LVEF) in patients with traumatic
brain injury (TBI, n= 20 patients) and in control patients (n= 20 patients)
obtained by conventional cardiac ultrasonography using the Simpson’s
method. Echocardiography was performed within the first post-traumatic
24 h in the TBI group and under general anesthesia/mechanical
ventilation in the control group. Values are median and extreme
Cuisinier et al. Scandinavian Journal of Trauma, Resuscitation and Emergency Medicine  (2016) 24:129 Page 4 of 7
sympathetic and neuro-endocrine adaptations could be
more responsible for an activation of systolic myocardial
function rather than a global myocardial depression.
Another major result of the present study was the slightly
impaired diastolic function. We only reported a significant
higher IVRT in the TBI cohort. All STE-derived parameters
tended to be lower in TBI patients without reaching a
statistical significance. Taken together, we cannot conclude
to any significant diastolic myocardial dysfunction at the
early phase of TBI. However, the increase in the IVRT may
be interpreted as a starting diastolic modification in the TBI
cohort. A trend in lower diastolic STE indexes further
confirmed this hypothesis. Similarly, diastolic dysfunction
was previously described in patients with SAH and a
concomitant pulmonary edema [22]. In a small series of
seven patients with TBI, echocardiographic diastolic
dysfunction was also reported in patients with a neurogenic
pulmonary edema [8]. Taken together, these findings
further corroborated the TBI-induced modifications in left
diastolic parameters observed in our cohort. Exposition to
vasopressor in the TBI cohort to maintain cerebral
perfusion pressure may induce these modifications in our
study. Even if our study was not designed to assess the
effect of vasopressor on myocardial function, the use of
vasopressor in the TBI cohort might account for an
increase in left ventricle afterload with potential effects on
systolic and diastolic parameters.
Table 3 Univariate analysis between patients with TBI and control
patients at the PER-operative phase regarding conventional
echocardiography
Variables TBI cohort
n = 20 patients
PER-operative control
n= 20 patients
Global systolic function
LVEF (%) (Simpson biplan
method)
61 [56–76] 62 [52–70]
Fractional shortening ratio (%) 37 [22–54] 38 [26–52]
LVEF (%) (Teicholz method) 65 [50–85] 69 [51–83]
Stroke volume (mL) 67 [41–103] 61 [46–71]
Cardiac output (L/min) 4.4 [2.7–7.3] 4.7 [2.6–6.5]
Peak Sm (cm/s) 13 [8–20] 12 [7–17]
Global diastolic function
Peak E velocity (cm/s) 69 [44–100] 77 [56–106]
Peak A velocity (cm/s) 59 [29–90] 54 [30–109]
Peak E/A ratio 1.08 [0.67–2.44] 1.38 [0.84–2.40]
Peak Em (cm/s) 13 [6–24] 15 [9–24]
Isovolumic relaxation time
(msec)
125 [84–178] 107 [83–141]*
E/Em ratio 4.8 [2.4–8.1] 5.3 [2.8–8.8]
Systemic vascular resistance
index (dyn/s/cm5/m2)
2518 [1832–3955] 2341 [1030–3155]
Morphological parameters
Left Atrial diameter (mm) 29 [19–36] 30 [23–36]
Left Ventricular end-diastolic
volume (mL)
102 [66–156] 101 [82–132]
Left Ventricular end-systolic
volume (mL)
37 [22–67] 39 [27–61]
Right ventricular diameter and function
Right Ventricular end-diastolic
diameter (mm)
22 [14–29] 23 [21–26]
Peak S’m (cm/s) 14 [8–19] 14 [11–18]
Tricuspid Annular Plane Systolic
Excursion (mm)
23 [18–39] 24 [17–29]
Pulmonary acceleration time
(msec)
152 [89–188] 138 [94–183]
Values are presented as median [extreme]. TBI traumatic brain injury, mL
milliliter, L/min liter per minute, L/min/m2 liter per minute per square meter,
cm/s centimeter per second, msec millisecond, dyn/s/cm5/m2 dynes per second
per centimeter per square meter, mm millimeter. * p < 0.05
Table 4 Univariate analysis between TBI patients and control
group at the PER-operative phase regarding Speckle Tracking
Echocardiography
Variables TBI cohort
n = 20 patients
PER operative control
n = 20 patients
Systolic function
Global Longitudinal Strain 18 [10.3–23.6] 15.8 [12.4–22.5]
Circumferential Strain peak (%)
basal level 17.2 [9.4–22.1] 16.4 [11.3–27.9]
apical level 26.9 [23.8–32.5] 23.2 [20.1–35.5]*
Radial Strain peak (%)
basal level 14.8 [6–33.3] 13.1 [4.3–24.3]
apical level 16.3 [4.3–30.1] 13.9 [4.9–29.4]
Systolic longitudinal
strain rate (%/s)
1.13 [0.73–1.52] 0.98 [0.73–1.33]
Rotation (deg)
basal level 6.3 [2.4–10.8] 5 [1.5–10]*
apical level 7.29 [2.6–15] 8.89 [4.9–13.7]
Peak twist (deg) 12.6 [7.5–20.2] 12.8 [5.1–18.3]
Systolic rotational velocity (deg/s)
basal level 66.3 [43.6–135.6] 64.7 [24.1–83.9]
apical level 62.2 [28.4–126.4] 73.8 [25.1–123.3]
Twisting velocity (deg/s) 77.2 [48.9–156.4] 76.6 [31.4–115]
Diastolic function
Diastolic longitudinal
strain rate (%/s)
1.33 [0.59–2] 1.56 [1.11–2.47]
Diastolic rotational velocity (deg/s)
basal level 48.8 [22.3–97.5] 53.5 [18.5–156.5]
apical level 65.6 [31.6–109.6] 83.4 [35.6–112]
Untwisting velocity (deg/s) 91.6 [50.8–179.3] 100.4 [50.9–148.2]
Ratio: Untwisting
velocity/Peak twist
7.73 [4–11.9] 7.92 [3.4–12.4]
Values are presented as median [extreme]. TBI trauma brain injury, Deg
degree, Deg/s degree per second, %/s percentage per second. *p < 0.05
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Our study is inconsistent with several experimental
and clinical studies dealing with the brain-heart
interaction. Several explanations may account for these
controversial results. First, we investigated the myocar-
dial function at the early phase of TBI, within the first
24 h. This time point was chosen according to the exist-
ing literature that described early myocardial dysfunction
[23]. Accordingly, in a recent retrospective study, con-
ventional cardiac ultrasonography was mostly performed
on day one, revealing an acute myocardial depression
after TBI [10]. Nevertheless, we cannot exclude a
delayed myocardial dysfunction occurring within the
first post-traumatic days [24]. In our study, slight systolic
and diastolic STE changes might be undermined by the
early ultrasound assessment and might be significant in
later examinations. Second, we do not deny the concept
of acute cardiac failure following brain injuries and the
hemodynamic evaluation is part of the global assessment
of severity in critically ill patients [25]. Nevertheless, the
concept of neurogenic cardiac failure was mainly based
on different experimental models [11] such as SAH [26]
or brain death. In the clinical setting, echocardiography
modifications [23] and electrocardiographic abnormal-
ities [27] were also described in SAH patients, epileptic
patients [28], stroke patients [24], or brain death patients
[29]. Myocardial dysfunction after TBI has been
extended from these conditions but only few studies
showed an acute cardiac failure after TBI [10], mainly
case report [30] and retrospective study [10]. Hence,
there is no prospective controlled study comprehensively
assessing cardiac function after TBI and possible
confounding factors like multiple trauma, associated
co-morbidities and hemorrhagic shock might induce a
cardiac failure independently of the cerebral injury. To
our knowledge, we conducted the first prospective
controlled trial regarding cardiac dysfunction matching a
TBI cohort with a control cohort according to age and
gender. The potential sympathetic tonus due to emer-
gency context and traumatic pathology was controlled
since both cohorts were trauma patients admitted for an
emergency treatment. Lung-heart interactions were also
controlled since in both cohorts, patients were under
mechanical ventilation and general anesthesia. We, thus,
believe that our study adds to the existing literature to
explore rigorously cardiac consequences of TBI.
We acknowledge several limits of our study. First, only
two third of the TBI patients had a severe TBI according
to the GCS definition. However, all TBI patients had
severe injuries on cerebral CT scan. Six patients had a
GCS between 9 and 13. Among them, three patients
underwent an immediate neurosurgery, two patients had
cerebral injuries classified TCDB VI and the last one had
a compromised cerebral blood flow on the transcranial
Doppler (Diastolic velocity = 26 cm/s and Pulsatility
Index = 1,89). Despite relatively high GCS, these patients
should be considered as severe from the clinical stand-
point and did not explain the lack of difference between
the TBI and the control groups. Moreover, the median
length of stay in the ICU was 21 days with 13 days of
mechanical ventilation attesting a global severity of the
included patients. Second, we only tested the hypothesis
of a systematic global decrease of the cardiac perform-
ance after TBI. We cannot conclude that a myocardial
depression is not possible after TBI. We acknowledge
that a neurogenic cardiac failure may occur in this
context supporting the use of the conventional cardiac
ultrasonography for hemodynamic management. Since
TBI could be associated with preexisting comorbidities
or a multiple trauma, we even strongly recommend the
use of conventional ultrasonography at the bedside to
optimize the cardiac output of these patients.
Conclusions
Controlling confounding factors for non-cerebral acute
cardiac failure, we did not find a systematic acute
myocardial depression after TBI. STE analysis rather
suggested an adequate adaptation of the left systolic
function, while the diastolic function slightly decreased.
The observed changes were not clinically relevant and
our study further suggested no systematic cardiac conse-
quences of severe traumatic cerebral injuries. These
findings did not challenge the usefulness of cardiac
ultrasonography for the management of TBI patients.
Additional files
Additional file 1: Methodology of ultrasound acquisition. (DOCX 114 kb)
Additional file 2: Additional analyses. (DOC 161 kb)
Abbreviations
2D: 2-dimensional; CVP: Central venous pressure; GLS: Global longitudinal
strain; ICU: Intensive care unit; IVRT: Isovolumetric relaxation time; LA: Left
atrial; LV: Left ventricle; LVEF: Left ventricular ejection fraction; MAC: Minimal
alveolar concentration; MAP: Mean arterial pressure; RV: Right ventricle;
SAH: Subarachnoid haemorrhage; STE: Speckle tracking echocardiography;
SVRI: Systemic vascular resistance index; TAPSE: Tricuspid annular plane
systolic excursion; TBI: Traumatic brain injury; TCDB: Traumatic coma data
bank
Acknowledgements
The authors thank Carole Saunier, MD for providing ultrasound device.
Funding
the study was funded by public source (Grenoble University Hospital,
France).
Availability of data and supporting materials
The authors can share their data if requested by any reader of the present
study.
Authors’ contribution
AC, CM, GW and PB conceived the study and designed the trial. AC and PB
supervised the conduct of the trial and data collection. AC and PB undertook
recruitment of patients and managed the data. AC and CM designed,
Cuisinier et al. Scandinavian Journal of Trauma, Resuscitation and Emergency Medicine  (2016) 24:129 Page 6 of 7
supervised and acquired data regarding echocardiography. PB, JFP and SN
provided statistical advice on study design and analyzed the data. AC, CM,
JFP, SN, GW and PB drafted the manuscript, and all authors contributed
substantially to its revision. PB takes responsibility for the paper as a whole.
All authors read and approved the final manuscript.
Competing interests
The authors declare that they have no competing interests.
Consent for publication
Not applicable.
Ethics approval and consent to participate
The regional ethics committee (number: 14-CHUG-34) and the national agency
for drugs safety (Number: 2014-A01370-47) approved the study design. This trial
was registered on ClinicalTrials.gov, number: NCT02380482. Written informed
consent was obtained from the patient or patients’ next of kin.
Author details
1Pôle Anesthésie Réanimation, Hôpital Albert Michallon, BP 217, Centre
Hospitalier Universitaire de Grenoble, CS 10217, F-38043 Grenoble, France.
2Laboratory of Integrative Cardiovascular and Metabolic Physiology, Division
of Physiology, Department of Medicine, University of Fribourg, Fribourg,
Switzerland. 3Avignon University, LAPEC EA4278, F-84000 Avignon, France.
4Grenoble Institut des Neurosciences, INSERM U1216, F-38043 Grenoble,
France. 5Grenoble Alpes Université, F-38043 Grenoble, France.
Received: 11 July 2016 Accepted: 23 October 2016
References
1. Mertes PM, Bruder N, Audibert G. Cardiac complications of acute brain
injury. Ann Fr Anesth Reanim. 2012;31(6):91–6.
2. Moussouttas M, Lai EW, Khoury J, Huynh TT, Dombrowski K, Pacak K.
Determinants of central sympathetic activation in spontaneous primary
subarachnoid hemorrhage. Neurocrit Care. 2012;16(3):381–8.
3. Oppenheimer SM, Hachinski VC. The cardiac consequences of stroke. Neurol
Clin. 1992;10(1):167–76.
4. Arbabi S, Campion EM, Hemmila MR, Barker M, Dimo M, Ahrns KS, et al.
Beta-blocker use is associated with improved outcomes in adult trauma
patients. J Trauma. 2007;62(1):56–61. discussion 61–62.
5. Kolin A, Norris JW. Myocardial damage from acute cerebral lesions. Stroke.
1984;15(6):990–3.
6. Shanlin RJ, Sole MJ, Rahimifar M, Tator CH, Factor SM. Increased intracranial
pressure elicits hypertension, increased sympathetic activity,
electrocardiographic abnormalities and myocardial damage in rats. J Am
Coll Cardiol. 1988;12(3):727–36.
7. Shivalkar B, Van Loon J, Wieland W, Tjandra-Maga TB, Borgers M, Plets C,
et al. Variable effects of explosive or gradual increase of intracranial pressure
on myocardial structure and function. Circulation. 1993;87(1):230–9.
8. Bahloul M, Chaari AN, Kallel H, Khabir A, Ayadi A, Charfeddine H, et al. Neurogenic
pulmonary edema due to traumatic brain injury: evidence of cardiac dysfunction.
Am J Crit Care. 2006;15(5):462–70.
9. Salim A, Hadjizacharia P, Brown C, Inaba K, Teixeira PGR, Chan L, et al. Significance
of troponin elevation after severe traumatic brain injury. J Trauma. 2008;64(1):46–52.
10. Prathep S, Sharma D, Hallman M, Joffe A, Krishnamoorthy V, Mackensen GB,
et al. Preliminary report on cardiac dysfunction after isolated traumatic brain
injury. Crit Care Med. 2014;42(1):142–7.
11. Qian R, Yang W, Wang X, Xu Z, Liu X, Sun B. Evaluation of cerebral-cardiac
syndrome using echocardiography in a canine model of acute traumatic
brain injury. Am J Cardiovasc Dis. 2015;5(1):72–6.
12. Najafipour H, Siahposht Khachaki A, Khaksari M, Shahouzehi B, Joukar S,
Poursalehi HR. Traumatic brain injury has not prominent effects on
cardiopulmonary indices of rat after 24 hours: hemodynamic, histopathology,
and biochemical evidence. Iran Biomed J. 2014;18(4):225–31.
13. Yamamoto T. Critical care echocardiography. Masui. 2014;63(9):954–61.
14. Lang RM, Badano LP, Mor-Avi V, Afilalo J, Armstrong A, Ernande L, et al.
Recommendations for cardiac chamber quantification by echocardiography
in adults: an update from the American Society of Echocardiography and
the European Association of Cardiovascular Imaging. Eur Heart J Cardiovasc
Imaging. 2015;16(3):233–70.
15. Shahul S, Gulati G, Hacker MR, Mahmood F, Canelli R, Nizamuddin J, et al.
Detection of Myocardial Dysfunction in Septic Shock: A Speckle-Tracking
Echocardiography Study. Anesth Analg. 2015;121(6):1547–54.
16. Kraigher-Krainer E, Shah AM, Gupta DK, Santos A, Claggett B, Pieske B, et al.
Impaired systolic function by strain imaging in heart failure with preserved
ejection fraction. J Am Coll Cardiol. 2014;63(5):447–56.
17. Vos PE, Van Voskuilen AC, Beems T, Krabbe PF, Vogels OJ. Evaluation of the
traumatic coma data bank computed tomography classification for severe
head injury. J Neurotrauma. 2001;18(7):649–55.
18. Lang RM, Bierig M, Devereux RB, Flachskampf FA, Foster E, Pellikka PA, et al.
Recommendations for chamber quantification: a report from the American
Society of Echocardiography’s Guidelines and Standards Committee and the
Chamber Quantification Writing Group, developed in conjunction with the
European Association of Echocardiography, a branch of the European
Society of Cardiology. J Am Soc Echocardiogr. 2005;18(12):1440–63.
19. Fang ZY, Leano R, Marwick TH. Relationship between longitudinal and radial
contractility in subclinical diabetic heart disease. Clin Sci. 2004;106(1):53–60.
20. Patel MB, McKenna JW, Alvarez JM, Sugiura A, Jenkins JM, Guillamondegui
OD, et al. Decreasing adrenergic or sympathetic hyperactivity after severe
traumatic brain injury using propranolol and clonidine (DASH After TBI
Study): study protocol for a randomized controlled trial. Trials. 2012;13:177.
21. Schmidt EA, Czosnyka Z, Momjian S, Czosnyka M, Bech RA, Pickard JD.
Intracranial baroreflex yielding an early cushing response in human. Acta
Neurochir Suppl. 2005;95:253–6.
22. Kopelnik A, Fisher L, Miss JC, Banki N, Tung P, Lawton MT, et al. Prevalence
and implications of diastolic dysfunction after subarachnoid hemorrhage.
Neurocrit Care. 2005;3(2):132–8.
23. Cinotti R, Piriou N, Launey Y, Le Tourneau T, Lamer M, Delater A, et al.
Speckle tracking analysis allows sensitive detection of stress
cardiomyopathy in severe aneurysmal subarachnoid hemorrhage patients.
Intensive Care Med. 2016;42(2):173–82.
24. Blanc C, Zeller M, Cottin Y, Daubail B, Vialatte AL, Giroud M, et al. Takotsubo
Cardiomyopathy Following Acute Cerebral Events. Eur Neurol. 2015;74(3–4):163–8.
25. Tamaki T, Isayama K, Yamamoto Y, Teramoto A. Cardiopulmonary haemodynamic
changes after severe head injury. Br J Neurosurg. 2004;18(2):158–63.
26. Mashaly HA, Provencio JJ. Inflammation as a link between brain injury and
heart damage: the model of subarachnoid hemorrhage. Cleve Clin J Med.
2008;75 Suppl 2:S26–30.
27. Huang CC, Huang CH, Kuo HY, Chan CM, Chen JH, Chen WL. The 12-lead
electrocardiogram in patients with subarachnoid hemorrhage: early risk
prognostication. Am J Emerg Med. 2012;30(5):732–6.
28. Le Ven F, Pennec PY, Timsit S, Blanc JJ. Takotsubo syndrome associated
with seizures: an underestimated cause of sudden death in epilepsy? Int
J Cardiol. 2011;146(3):475–9.
29. Krishnamoorthy V, Prathep S, Sharma D, Fujita Y, Armstead W, Vavilala MS.
Cardiac dysfunction following brain death after severe pediatric traumatic brain
injury: A preliminary study of 32 children. Int J Crit Illn Inj Sci. 2015;5(2):103–7.
30. Riera M, Llompart-Pou JA, Carrillo A, Blanco C. Head injury and inverted
Takotsubo cardiomyopathy. J Trauma. 2010;68(1):13–5.
•  We accept pre-submission inquiries 
•  Our selector tool helps you to find the most relevant journal
•  We provide round the clock customer support 
•  Convenient online submission
•  Thorough peer review
•  Inclusion in PubMed and all major indexing services 
•  Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit
Submit your next manuscript to BioMed Central 
and we will help you at every step:
Cuisinier et al. Scandinavian Journal of Trauma, Resuscitation and Emergency Medicine  (2016) 24:129 Page 7 of 7
